1. Figure S1 . Large area processing of MA step.
2. Figure S2 . Morphological characterization by AFM of perovskites formed by methylamine and hydroiodic gas exposures.
3. Figure S3 . XRD studies of MA step followed by post-annealing treatment.
4. Figure S4 . Steady state current measurement at maximum power point. 5 . Figure S5 . Snapshots taken during PbI 2 exposure to CH 3 NH 2 gas in dry atmosphere (N 2 glovebox).
6. Figure S6 . Chemical composition analysis by XPS of methylamine and hydroiodic acid gas induced perovskites.
7. Figure S7 . XPS atomic ratios on the samples after MA step (0 min) followed by HI step with different HI exposure times (2−10 min).
8. Figure S8 . j-V curves for the samples with best efficiencies from all batches and shelf stability tests of Process P2 devices.
9. Table S1 . Photovoltaic parameters corresponding to the solar cells shown in Supplementary Fig. S8 . 10 . Figure S9 . Effects of hysteresis and masking on the solar cell efficiencies. nm (PbI 2 ), 2 nm (MA step), 14 nm (Process P1), and 6 nm (Process P2). e,f, UV-vis (e) and XPS atomic ratios (f) monitored after each of the described processes. We investigated systematically the MA step process followed by an immediate postannealing step aiming at the formation of films with higher crystallinity ( Supplementary   Fig. S3 ). The XRD (110) peak position (2θ) and peak broadening (full width at half maximum, FWHM) on perovskite films prepared by MA step (Sample #1) with different post-annealing temperatures (45°C, 70°C, and 100°C) and by the standard one-step solutionprocessing using CH 3 NH 3 I and PbI 2 precursors, Ref. sample, were compared 1 . The Ref. S5c ). Similar color change of PbI 2 from yellow to white after MA exposure has been observed previously in inert atmosphere 3 . However, when these films were taken out from the N 2 glovebox to ambient air (RH ~ 50%), we observed the color change to dark red/brown immediately ( Supplementary Fig. S5d,e,f) indicating the CH 3 NH 3 PbI 3 perovskite formation, 
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Process P2
Pb 4f
Binding Energy (eV) 
O 1s
Binding Energy (eV) The metallic Pb signal, with the expected Pb 4f 7/2 peak in the range of 136.6−137 eV, was below the instrument detection limit, indicating good resistance of the films to beam damage within XPS measurement time 9, 10 . Two chemical states were observed in C 1s (286.6 eV and 284.9 eV) and N 1s (399.6 eV and 402.6 eV) core levels after the MA step ( Supplementary   Fig. S6a ). The C 1s and N 1s peaks at higher BEs of 286.6 eV and 402.6 eV, respectively, were correlated with the incorporation of CH 3 NH 3 + in perovskite 10, 11 . The C 1s and N 1s components at lower BEs 284.9 eV and 399.6 eV, respectively, were present only in Samples #1 and these peaks disappear after the subsequent HI exposure. At the moment, the assignments of the lower BE C 1s and N 1s components are not clearly understood and is under further investigation in our laboratory. 
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